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Abstract 
Growth of one and two year old Cistolemmys flavomarginata is studied. In natural temperature and under artificial 
feeding condition, juvenile turtles grow for 180 days in Xinyang, one year old turtle average body weight increased 
from 18.1g to 54.5g, the relative growth rate is 204.1%, the absolute growth rate is 0.21. two year old turtle average 
body weight increased from 46.8g to 101.1g, the relative growth rate is 115.98%, the absolute growth rate is 0.30. 
But two year old turtle growth rate is slower than that of one year old turtle. The body weight, carapace length, 
carapace width, plastron length, plastron width and carapace high are correlated positively to daily age. The body 
weight growth equations of one and two year old turtles are deduced. Compared with other reptiles, whole growth 
cycle is grasped systemically by the growth patterns. 
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1.  Introduction 
Cistolemmys flavomarginata is belong to Testudinate, Emydidae, Cistoclemmys. Unfortunately, the 
wild individuals nearly disappeared because of the killing for it’s great value in food, medicinal and 
enjoying. Cistolemmys flavomarginata was classified as one of rare endangered species by IUCN and 
CITES and also be regarded as wild animal with great economic and academic value that need more 
protection in China[1,2]. There are few researches about its reproduction, morphometrics and diseases 
controlling[3,4,5]. We had never see the researches on the growth of the juvenile turtles of the Cistolemmys 
flavomarginata. In the natural temperature under artificial feeding condition, we studied the growth of 
one year old turtles and two years old turtles, in order to get growth information and offer some date for 
the artificial reproduction. 
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2.  Materials and methods 
2.1Materials 
The juvenile turtles are feeding in the Henan Cistolemmys Flavomarginata Rescue center and the 
specifications are presented in table 1. The one year old turtles are hatched in 2008 and pass one natural 
hibernating, then the two years old turtles are hatched in 2007 and have natural hibernating experience 
for twice. The experiment is started from June, 2009 to October, 2009 in the Henan Cistolemmys 
Flavomarginata Rescue center in Xinyang. 
Table 1 Factual measurable character value of juveniles Cistolemmys flavomarginata from 1 to 2 years old at baseline of the 
experiment (n=80ˈX±SD) 
Age groups one years turtles two years turtles 
w/mm 18.1±1.71 46.8±3.27 
TL/mm 49.5±1.04 62.7±1.18 
TW/mm 40.8±0.74 50.8±0.85 
BL/mm /mm 46.0±0.92 59.5±1.23 
BW/mm 31.0±0.85 40.7±0.79 
H/mm 21.1±0.44 29.1±0.63 
2.2Methods 
80 one year old and two years old healthy turtles are respectively and feeding in outdoor on 30th April, 
2009. The pools are separated into land part (70%) and water part (30%). There are some plants of the 
pools. The density is 5/m2.we feed them one time a day at the same time. The food contains 80% animals 
feed and 20% plants feed. All of the work is finished under the natural temperature. We finished the work 
from 1st June to 15th October , we measure the body weight(W), carapace length(TL), carapace 
width(TW), plastron length(BL), plastron width and carapace high(H) every 15 days. The relative growth 
rate: v=100%×(W2-W1)/W1; absolute growth rate: Ș=(W2-W1)/T2-T1, specific growth rate q=(Ά WT-Ά
W0)/T, W1 is original weight, W2 is ending weight; T1 is original time and T2 is ending time; WT is 
original weight of period, W0 is ending weight of period, T is feeding time. The date is analyzed by 
SPSS10.0. 
3.  The results and analysis 
3.1The Growth of Juvenile Turtles 
After 180 days’ work, we obtain some results as follows (Tab2, Tab3, fig1,  fig2, fig3). When 
juveniles turtle grow for 180 days in natural temperature under artificial feeding condition in Xinyang, 
the body weight one year old turtle increased from 18.1g to 54.5g on average, the relative growth rate is 
201.4%, the absolute growth rate is 0.21; The body weight of two year old turtle increased from 46.8g to 
101.1g on average, the relative growth rate is 115.98%, the absolute growth rate is 0.30. The growth rate 
of the two year old turtle is slower than the one year old turtle.  
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Table 2 Factual measurable character value of juveniles Cistolemmys flavomarginata from 1 to 2 years old at the end of the 
experiment(n=80ˈX±SD) 
Age groups one years turtles two years turtles 
w/mm 54.5±5.0 101.1±10.2 
TL/mm 68.6±1.4 83.6±2.5 
TW/mm 52.5±0.7 62.86±1.0 
BL/mm /mm 63.6±1.2 78.97±1.9 
BW/mm 41.8±0.9 50.8±1.1 
H/mm 31.0±0.4 37.3±0.7 
Table 3 Parameters of growth, relative growth rate(v) and absolute growth rat(Ș) of juveniles Cistolemmys flavomarginata from 1 to 
2 years old(n=80ˈX±SD) 
Age 
groups 
Incre-
ment of 1 
years 
turtle 
Incre-
ment 
of 2 years 
turtle 
One years 
turtle 
v(%) 
Two 
years 
turtle 
v(%) 
One years
turtle Ș 
Two 
years 
turtle Ș 
w/mm 36.42 ±1.71 
54.27 
±2.45 201.4 115.89 0.21 0.30 
TL/mm 17.0 ±1.00 
21.14 
±1.23 34.3 33.70 0.09 0.12 
TW/mm 11.7 ±0.31 
12.06 
±0.34 28.7 23.74 0.07 0.07 
BL/mm 
/mm 
17.1 
±0.60 
19.51 
±0.70 37.2 32.81 0.10 0.12 
BW/mm 10.8 ±0.52 
10.15 
±0.49 34.8 24.96 0.06 0.06 
H/mm 10.00 ±0.33 
8.58 
±0.28 47.6 29.46 0.05 0.05 
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Fig. 1 The growth curve of 1year old Cistolemmys flavomarginata of weight, carapace, plastron and carapace high 
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Fig. 2 The growth curve of 2 year old Cistolemmys flavomarginata of weight, carapace, plastron and carapace high. 
The growth weight obviously faster than carapace, plastron and carapace high of juvenile turtle. The 
weight gain is first, the carapace gain and plastron gain is second. Both the two team increased slowly in  
May , but increased greatly from June to August, when it comes to September, the increasing become 
slowly. It renders negative growth from the early October because the low temperature and it’s variation, 
and the need to food decreased. 
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Fig. 3 The growth rate from 1 to 2 years old in different months 
3.2The Relationship between Age and Growth 
About one year old Cistolemmys flavomarginata: the body weight, carapace length, carapace width, 
plastron length, plastron width and carapace high are correlated positively to daily age, and have a linear 
positive correlation, the relativity achieved extreme significance level. The growth equation of body 
weight and daily age is W=0.2683T+13.013, r=0.99478, r=0.9947, r>r0.01(P<0.001). The growth equation 
of carapace length and daily age is TL=0.1236T+47.574, r=0.9776, r=0.9776, r>r0.01(P<0.001). The 
growth equation of carapace width and daily age is TW=0.0938T+40.794, r=0.9911, r>r0.01(P<0.001). 
The growth equation of plastron length and daily age is BL=0.1258T+42.929, r=0.9880, r>r0.01(P<0.001). 
The growth equation of plastron width and daily age is BW=0.0856T+31.369, r=0.9844, r>r0.01(P<0.001). 
The growth equation of carapace high and daily age is H=0.073T+19.667, r=0.9667, r>r0.01(P<0.001).  
About two year old Cistolemmys flavomarginata: the body weight, carapace length, carapace width, 
plastron length, plastron width and carapace high are correlated positively to daily age, and have a curve 
positive correlation, the relativity achieved extreme significance level. The growth equation of body 
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weight and daily age is W=28.1804+0.8557T-0.0024T2, r=0.9873, r>r0.01(P<0.001). The growth equation 
of carapace length and daily age is TW=59.6363+0.2584T-0.007T2, r=0.9842, r>r0.01(P<0.001). The 
growth equation of carapace width and daily age is TW=48.8283+0.1407T-0.003T2, r=0.9792, 
r>r0.01(P<0.001). The growth equation of plastron length and daily age is BL=56.4241+0.2272T-0.0005T2, 
r=0.9786, r>r0.01(P<0.001). The growth equation of plastron width and daily age is 
BW=39.0630+0.1164T-0.0003T2, r=0.9791, r>r0.01(P<0.001). The growth equation of carapace high 
and daily age is H=27.7731+0.1139T-0.0005T2, r=0.9791, r>r0.01(P<0.001). 
3.3The Correlation Analysis of the growth indicators 
To the one year old turtles, there exist linear relationship between body weight to and carapace length 
and carapace width. The regression equation is respectively W=2.186TL-91.027, r=0.9976, 
r>r0.01(P<0.001), W=3.237TW-112.87, r=0.9930, r>r0.01(P<0.001), the relevance is very significant(fig4), 
and the body weight relationship between plastron length and plastron width. The regression equation are 
respectively W=2.123BL-77.687, r=0.9947, r>r0.01(P<0.001), W=3.532BW-91.517, r=0.9814, 
r>r0.01(P<0.001), the relevance is significant(fig5). 
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Fig. 4 The relationship of weight and carapace length in 1 year old Cistolemmys flavomarginata 
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Fig. 5 The relationship of weight and plastron length  in 1 year old Cistolemmys flavomarginata 
To the two years old turtles, there are similar relationships with the one year old individuals. The body 
weight regression equations between carapace length and carapace width are respectively 
W=4.2526e0.0382TL, r=0.9951, r>r0.01(P<0.001), W=1.9096e0.0636TW, r=0.9923, r>r0.01(P<0.001), the 
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relevance is significant(fig6). The body weight regression equations between plastron length and plastron 
width are respectively W=4.7272e0.039BL, r=0.9891, r>r0.01(P<0.001), W=2.3546e0.071BW, r=0.9864, 
r>r0.01(P<0.001), the relevance is significant(fig7). 
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Fig. 6 The relationship of weight and carapace length in 2 year old Cistolemmys flavomarginata 
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Fig. 7 The relationship of weight and plastron length in 2 year old Cistolemmys flavomarginata 
Make body weight as dependent variable, carapace length, carapace width, plastron length, plastron 
width and carapace high are the independent variable. It displayed that plastron width and carapace high 
are contributed greatly to body weight of the one year old turtle. The stepwise regression is W=-
59.3880+3.6799H, r=0.9786 r>r0.01(P<0.001), and the multiple regression equation is W=-55.1899-
0.4258TL- 0.7445TW-0.5390BL+2.0894BW+3.9970H, r=0.9998, r>r0.01 (P<0.001). As to the two years 
old turtle, the stepwise regression equation is W=-160.5732+2.7495TW+1.1361BL, the multiple 
regression equation is W=-158.7708-0.94641TL+1.9506TW+1.5375BL+0.4549BW+1.9058H, r=0.9991, 
r>r0.01 ( P<0.001). It displayed that the carapace width and plastron length are contributed greatly to body 
weight of two years old turtle. 
During the growth, the objections measured are related, and appeared the linear trend. As to one year 
old turtle: the linear regression equations are TL=1.479T-9.906, r=0.9941, r >r0.01(P<0.001); 
BL=1.659BW-6.337, r=0.9989, r>r0.01(P<0.001); BL=1.713H+9.157, r=0.9950, r>r0.01(P<0.001). As to 
two year old turtle: TL=1.598TW-16.865, r=0.9975, r>r0.01(P<0.001); TL=2.239H-1.889, r=0.9917, 
r>r0.01(P<0.001); BL=2.285H-8.048, r=0.9868, r>r0.01(P<0.001). There have significant correlation 
among the index. 
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4. Growth rhythm analysis 
4.1The Growing Characteristics of Young Turtle 
The relative growth rate of one year old turtle is higher than the two years old. According to reports[6,7], 
under the artificial breeding conditions, the relative growth rates of weight are 332.76% and 406.47% 
respectively in one and two years old tortoise, young Platuysternon megacephalum is 76%, so the growth 
of the juveniles Cistolemmys flavomarginata is slower than that of the tortoise, but faster than the 
Platuysternon megacephalum. 
From June to August is the major growth period of the turtle. The increasing become slowly when it 
come to September. It become negative growth from October. There are some differences[8,9,10,11] from 
the Mauremys mutica, Trionyx Sinensis, Chinemys reevesii. The growth of aquatic animals is directly 
related to the temperature of water, the water temperature is the peak in July and August, relatively stable 
in September. So the September is the main growing month, and there is small temperature difference in 
water between day and night in early October. Aquatic animals still maintain a certain intake of food, and 
the growth is slow, but the body weight will not fall. The terricolous Cistolemmys flavomarginata are 
different, the feeding activity and the growth are directly influenced by the temperature. In May and June, 
as the temperatures raised rapidly, Cistolemmys flavomarginata enter the fast growing period. While with 
September temperatures decreased significantly, the difference of day and night temperature increased, 
the intake of food drop sharply, little feeding or cease feeding, and appear negative growth in October. 
4.2The Differences of Growth between Different Age Groups 
The same age turtles have different growth rate in different time, the different age have different 
growth rate in the same period also. As to one year old turtle, the average increasing is 35.074g per turtle, 
0.21g/d. The special growth rate are 0.0018 in May, 0.0088 in Jun, 0.0107 in July, 0.011 in Augus, 
0.0027 in September, -0.0018 in October respectively. As to two year old turtle, the average increasing is 
54.27g per turtle, 0.30g/d. The special growth rate are 0.0015 in May, 0.0072 in June, 0.0098 in July, 
0.0066 on August, 0.0018 in September, -0.0016 in October respectively. The body weight equations of 
one year old turtle is W=0.2683T+13.013, r=0.99478, the equations of two years old turtle, 
W=28.1804+0.8557T-0.0024T2, the modes of growth are different between one year old and two years 
old turtle. We should master the regulation and promote the growth of the turtles. 
4.3Difference in Growth Body Size 
There are some different in body size and growth for the same age turtles which grow under the 
similar condition. At the end of the experiment, the biggest one year old is 100.0g and the smallest is 
44.0g. The absolute and relative growth rate of the biggest one are 0.41and 127.3%, the smallest one is 
0.11 and 104.1%. The biggest two years old turtle is 195.0g and the smallest one is 44.3g. The absolute 
and relative growth rate of the biggest one was 0.47 and 47.7%. The smallest are 0.11 and 44.7%. 
Although the difference of the absolute growth rate is larger, the difference of the relative growth rate is 
smaller among individuals which are the same age, so the relative growth rate can reflect the growth 
conditions of the group in a stage more objectively. The difference of the size and the growth rate for 
younger turtle are caused by the time and quality of the hatching. The grow time of the early ones are 
longer than the later ones, and the later ones always go into hibernation early. The experiments proved[12] 
that there is a higher growth rate among the early hatching ones or the heavy ones. At the same time, the 
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late hatching ones or light ones have a lower rate of growth and higher mortality, it’s similar to the 
growth rhythm of other species. 
5. Conclusions 
There are many factors which influence the growth of the young Cistolemmys flavomarginata, such as 
the temperature, the sunlight, the quality of the food, the density of feed and the conditions. And the 
growth is periodical, the growth rate of different ages may be different, and there is a greater change in 
growth mode. The research just described the growth of the one year turtles and the two years turtles, the 
equations which is obtained by calculation is the only reflection of the distribution of body energy at this 
stage[13]. The growth patterns about Cistolemmys flavomarginata are also obtained for different age 
turtles. Compared with other reptiles, we can grasp whole growth cycle systemically by the growth 
patterns. 
Acknowledgment
The  author wish to thank all the other participating personnel at College of Life Sciences, Xinyang 
Normal University. 
References
[1]Zhao RM. Red Book of IUCN of China. Amphibians and Reptile[M]. Beijing: Technology and Science Publishing House, 
1998, 96. 
[2]Zhai WR. Endangered and rare Species from henan Province[M]. Zhengzhou: Henan Scientific and Technical Publishers, 
2000, 268. 
[3]HUANG Bin, YANG Ji-Hong, ZHAO,Wan-Peng.The Breeding Biology of Cistolemmys flavomarginata[J]. Chinese Journal 
of Zoology, 2004, 39(4): 40-44. 
[4]HUANG Bin, CHEN Yu-dong, YANG Yanlei. Analyze Population Characteristics to Morphometric Biology of Cistolemmys 
flavomarginata Gray in Dabieshan Region[J]. Journal of Xinyang Normal University(Natural Science Edition), 2008, 21˄3˅404-
408. 
[5]HUANG Bin, CHENG Shi-Feng, CHENG Yong.Studied on cystic disease of Cistoclemmy sflaciomarginata[J]. Freshwater 
Fisheries, 2002, 32˄5˅: 44-46. 
[6]Bjorndal K A, Bolten A B. Growth rates of immature Green turtles, Chelonia mydas, on feeding grounds in the southern 
Bahamas.Copeia, 1988, 3: 555-564. 
[7]LIU Yihui, ZHU Xinping, CHEN Yongle. Age and growth in reeves turtle Chinemys reebesii Gray[J]. Journal of Dalian 
Ocean University, 2005, 20˄1˅:73-76. 
[8]ZHENG Guangming, MA Lisha, ZHU Xinping. Age and Growth of Platysternon megacephalum(Gay)and Difference in 
Growth and Morphology Between Males and Females[J]. Journal of South China Agricultural University, 2008, 29˄3˅: 66-70. 
[9]ZHU Xinping, CHEN Yongle, WEI Chengqing. Growth of one-year old Asian yellow pond turtle (Mauremys mutica 
Cantor)[J]. Journal of Dalian Ocean University, 2001, 16˄1˅: 18-22. 
[10]ZHU Xinping, CHEN Yongle,  LIU Yihui. Comparative study of the growth ofMauremys mutica, Cuora trifasciata and 
Chlydre serpentine[J]. Journal of Fisheries of China, 2001, 25(6): 507—511. 
[11]NIU CuiJuan, SUN RuYong. Growth pattern and biochemical composition of different body parts of juvenile soft-shelled 
turtle (Trionyx Sinensis)[J]. Acta Zoologica Sinica, 1999, 45˄4˅: 420-426.[12]  
[12]HUANG Bin. Artificial culture of juveniles cistolemmys flavomarginata [J]. Freshwater Fisheries, 2004ˈ34˄3˅: 47-49. 
[13]Andrews R M. Patterns of growth in reptiles. In: Gans. C. ed. Biology of the Reptilia, Vol.13[M]. London and New 
York:Academic Press. 1982, 273-305. 
